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Letter 



Magnetic Ordering in V-Layers of the Superconducting System of Sr 2 VFeAs0 3 
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Results of transport, magnetic, thermal, and 75 As-NMR measurements are presented for 
superconducting Sr2VFeAsC>3 with an alternating stack of FeAs and perovskite-like block layers. 
Although apparent anomalies in magnetic and thermal properties have been observed at ~150 
K, no anomaly in transport behaviors has been observed at around the same temperature. 
These results indicate that V ions in the Sr2V03-block layers have localized magnetic moments 
and that V-electrons do not contribute to the Fermi surface. The electronic characteristics of 
Sr2VFeAs03 are considered to be common to those of other superconducting systems with 
Fe-pnictogen layers. 
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A new superconducting Fe pnictide, S^VFeAsOs, is 
composed of alternating stacks of FeAs and Sr2V03 
perovskite-like block layers. The superconducting transi- 
tion temperature T c is ^37 K. 1 ) For this system, several 
band calculations have pointed out that both FeAs and 
V layers seem to have conduction electrons, and that the 
Fermi surfaces (FSs) do not have a significant nesting 
feature. 2_4 - ) This implies that Sr2VFeAs03 may give us 
an opportunity to examine whether Fermi-surface nest- 
ing is important for the occurrence of superconductivity 
of Fe pnictides. On this point, Mazin has reported that, 
because the FSs constructed by only the Fe orbitals of 
Sr2VFeAsC>3 are similar to those expected in other Fe 
pnictides, the nesting condition is also satisfied in the 
present system. 5 ) However, it seems important to ex- 
perimentally ensure whether or not the electrons of V 
ions are itinerant and really contributing to FSs, before 
studying the relation between Fermi-surface nesting and 
superconductivity. 

We have carried out transport, magnetic, thermal, and 
75 As-NMR measurements, and found that although ap- 
parent anomalies in the temperature (T) dependences of 
the magnetic and thermal properties of S^VFeAsOs ex- 
ist at ~150 K, no anomalies in the transport properties 
have been observed. On the basis of these results, we ar- 
gue the electronic state of S^VFeAsOa and answer the 
question regarding the contribution of V ions to FSs. 

Polycrystalline samples of S^VFeAsOs were prepared 
as described in refs. 1 and 6. SrAs powder was first ob- 
tained by annealing mixtures of Sr and As in an evac- 
uated quartz tube at 850 °C. Mixtures with proper ra- 
tios of SrAs, FeAs, SrO, Fe, and V2O3 were pressed into 
pellets, sealed in an evacuated quartz tube with Ti pow- 
der (Ti/Fe = 1/4), which probably acts as the reducing 
agent, and then fired for 10 h at 900 °C and for 30 h 
1050 °C, successively. 

The X-ray powder diffraction pattern of one of the 
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obtained pellets with CuKa radiation at a step of 0.01° 
of the scattering angle 28 is shown in Fig.l (a), where the 
reflection indices are attached to the corresponding peaks 
of Sr2 VFeAs03 , and the asterisks indicate the peaks from 
impurity phases of Sr2V04 or Sr3V207. 7,8 ^ The lattice 
parameters a and c were estimated to be 3.9329(1) and 
15.6703(18) A, respectively. 

The magnetic moments M were measured at magnetic 
fields H of 10 Oe and 1 T using a Quantum Design 
MPMS. The electrical resistivity p was measured by the 
four-terminal method with increasing temperature T at 
H = 0. The thermoelectric power S was measured by 
a dc method, where the typical temperature range be- 
tween two ends of the sample was 0.2—2 K, depending 
on the temperature region. Details of the measurements 
are described in refs. 9 and 10. The specific heat C and 
the Hall coefficient Ru were measured from 5 to 300 K 
using a Quantum Design PPMS. In the measurements of 
i?H 5 T was increased stepwise under H — 7 T, where the 
sample plates were rotated around the axis perpendic- 
ular to the field. 75 As-NMR measurements were carried 
out using the standard coherent pulse method at a mag- 
netic field H of ^6 T using a fix frequency / = 53.53 
MHz. 

The resistivity p is plotted against T in Fig. 1(b). From 
the data, the superconducting transition temperature T cp 
is determined to be 32.6 K by a method described in 
ref. 11 in detail. The superconducting diamagnetism was 
measured at H = 10 Oe under both conditions of zero 
field cooling (ZFC) and field cooling (FC), and the data 
are shown in Fig. 1(c) in the form of a x (= M/H) — 
T plot. The temperature of superconducting transition, 
T c c ™ ss , defined by the extrapolation shown in Fig. 1(c) 
is 26.6 K, while the onset value T°" se * obtained from the 
\— T curve is 32.5 K, which is almost equal to T cp . 

The T dependence of x (= M/H)—T measured at H = 
1 T under ZFC condition is shown in Fig. 2(a). It obeys 
the Curie- Weiss law above ~150 K as shown by the lin- 
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Fig. 1. (Color online) (a) Powder X-ray diffraction pattern of 
Sr2VFeAs03, where the reflection indices are attached to the 
corresponding peaks of Sr2VFeAs03. Minor impurity phases of 
Sr2V04 or Sr3V2C>7 are shown by asterisks, (b) The electrical 
resistivity p of a Sr2VFeAs03 sample is shown against tempera- 
ture T. T c estimated by the method described in ref. 11 is 32.6 K. 
(c) The superconducting diamagnctism at 10 G is shown for ZFC 
and FC in the form of an (M/H-T) plot. T^ osa is estimated as 
shown in the figure. 

ear T dependence of l/(x — Xo) (xo is a T-independcnt 
term), where the effective magnetic moment [i e g is esti- 
mated to be 1.90 fiB and the Weiss temperature is -15 K. 
/i e ff is between 1.73 /ie expected for V 4+ (spin S = 1/2) 
and 2.83 fiB expected for V 3+ (S = 1). With decreasing 
T, the absolute slope |dx/dT| shows an anomalous in- 
crease or deviates from the Curie- Weiss law at ~150 K. 
Because the specific heat C has an unambiguous peak at 
~150 K, as shown in Fig. 2(b), we can consider that this 
anomaly in x is intrinsic. The impurity phase, Sr2V04 or 
Sr3V2C>7, does not exhibit any anomaly in the x~ T curve 
at ~150 K: For Sr 2 V0 4 , the Curie- Weiss T-dependence 
of x is observed above 45 K and the x anomaly is just 
found only at ^45 K, while Sr3V2 0y exhibits Pauli para- 
magnetic behavior. 7 ^ We will show later another evidence 
obtained by 75 As-NMR indicating that the anomaly at 
~150 K is intrinsic. As shown in Fig. 2(a), the slope 
|dx/dT| begins to show a slightly anomalous increase 
with decreasing T below ~90 K, this behavior may not 
be intrinsic. 

The change in the entropy around ^150 K is estimated 
using the anomaly in the C /T— T curve [inset of Fig. 
2(b)] to be ~1.6 J/(mol-K), which corresponds to only 
28% (18%) of N A k B -ln2 (N A k B -ln3) for the magnetic 
ordering of localized spins of S = 1/2 (or 1), where N A 
and k B are the Avogadro number and Boltzmann factor, 
respectively. Although this entropy change depends on 
the estimation of the phonon contribution to C/T, we 
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Fig. 2. (a) The magnetic susceptibility \ defined by \ = 
M/H (H = 1 T) is plotted against T by solid circles. Open cir- 
cles show the plot of l/(x — Xo) against T, where xo is the 
T-independent part of \. The straight line shows the result of 
Curie- Weiss fitting, (b) Specific heat data C are plotted against 
T. In the inset, the C/T—T curve is shown with magnified scales 
around 150 K. 

think that it is smaller than the above value for S = 1/2 
(or 1), because the rather sharp shape of C/T—T does 
not bring about a very large error in the estimation. We 
will discuss the possible origin of this small value of the 
entropy change later. Because the x~ T curve obeys the 
Curie- Weiss law up to 800 K, there is no loss of entropy 
caused by the short-range order above ~ 150 K. 

The Hall coefficient Rb\ and the Seebeck coefficient 
S are plotted against T in Figs. 3(a) and 3(b), respec- 
tively. These T dependences are similar to those observed 
in the electron-doped system LaFeAsOi-^F^, indicating 
the effect of strong magnetic fluctuations. 12 ~ 15 ) The peak 
value of | S | is similar to that of a slightly overdoped 
sample of LaFeAsOi-aTa;. 16 ) No anomalies are observed 
in the Rn—T and S—T curves at ^150 K, where the 
magnetic susceptibility and specific heat exhibit appar- 
ent anomalies. Because S is very sensitive to anomalous 
Fermi surface changes, we can say that there is no anoma- 
lous change in the Fermi surface of the present system at 
~150 K. This result does not depend on whether data are 
taken for poly- or single-crystalline samples, because, as 
is widely known, S is hardly influenced by grain bound- 
aries. From the observations described above, we can say 
the following. If the electrons of V ions contribute to 
the conductivity, the change of the electronic (magnetic) 
state in the V layers should be observed in the trans- 
port behaviors, at least in the thermoelectric power S. 
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Fig. 3. Hall coefficient ijjj and Seebeck coefficient S are plotted 
against T in (a) and (b), respectively. 



Therefore, the anomalies in \ an d C are considered to 
be confined to the V layers, and V ions do not contribute 
to the FSs. 

To investigate the electronic state microscopically, we 
have carried out measurements of 75 As-NMR spectra and 
the 75 As nuclear spin- lattice relaxation rate 1/T\, Figure 
4(a) shows central transition lines (I z — 1/2 < — > 1/2; I z 
is the z component of the nuclear spin) of the NMR spec- 
tra, for example, at four temperatures. With decreasing 
T through ^150 K, the shape in the low-i? part of the 
center line changes, and the center line shifts as a whole 
to the lower field side although the width of the center 
line does not change markedly. Since the width is ex- 
plained by the second-order effects of the nuclear electric 
quadrupole interaction, the nuclear electric quadrupole 
resonance frequency vq is roughly T-independent and 
the Knight shift increases with decreasing T through 
~150 K, indicating that the structural change around 
the As site does not take place at ^150 K, but that 
the magnetic environment around the As site changes. 
Consequently, we can exclude the structural transition at 
~150 K. As shown in Fig. 4(a), the shape of the central 
transition line is almost unchanged in the T region be- 
tween ~150 and ~70 K and the line gradually broadens 
with decreasing T below ^70 K. Because the magneti- 
cally ordered structure of the V site is not known, we do 
not know whether the hyperfine field at the As site from a 
few V sites should be canceled. However, the occurrence 
of an inhomogeneous internal field observed as the smear- 
ing of the centerline below ^70 K, may indicate that the 



Fig. 4. (Color online) (a) Central transition lines (I z = 1/2 f> 
1/2) of the 75 As-NMR spectra for the powder sample at four 
temperatures, (b) and (c) 75 As-NMR relaxation curves are plot- 
ted against the time t elapsed after the irradiation of the sat- 
uration RF pulses. The solid lines show the result of fittings of 
the theoretical curves to the corresponding data, (d) and (e) The 
75 As-l/TiT values obtained by the fittings are plotted against 
T. 



magnetic structure is changing with T. We presume that 
the change is understood by the spin-glass-like transition 
in a certain fraction of the system at ^150 K, almost si- 
multaneously with the magnetic transition. 75 As-l/Ti is 
measured at the position of the lowest-77 peak. In Figs. 
4(b) and 4(c), the nuclear magnetization M(t) is plotted 
against the time t elapsed after irradiating saturation RF 
pulses. The 1/T\ values are estimated by fitting the the- 
oretical curves, described for the nuclear spin as / = 3/2, 
l-M(t)/M(oo) = 0.9-exp(-6t/Ti) + 0.1-exp(-V7 1 i), to 
the observed M(t)-data. The obtained 1JT\T- values are 
plotted against T in Figs. 4(d) and 4(e), where we can 
clearly see that 1/T\T exhibits a diverging tendency as 
the system approaches ^150 K from above, and then de- 
creases rapidly with decreasing T in the T-region below 
-150 K. The 75 As-nuclear spin-spin relaxation rate 1 /T2 
also shows similar behavior in the same T-region (not 
shown). These divergent behaviors of \jT{T and 1/T 2 at 
~150 K indicate again that a certain magnetic transition 
takes place at ^150 K. Then, together with the observa- 
tions that i?H, S, and p exhibit no anomalies at ^150 K, 
the present results indicate that the electrons of V ions 
do not contribute to the FSs of the system. 

Although the smallness of the change in the entropy 
might indicate that some of the electrons of the V-layer 
are itinerant, the absence of the anomalous transport 



behaviors at the transition point excludes such a possi- 
bility. Thus, some of the V sites undergo the spin-glass 
transition at ^150 K. 

As the superconductivity appears in the Sr2VFcAsC>3 
samples prepared by heating with a proper amount of 
Ti metal as a getter of oxygen, the carrier doping to the 
FeAs layers is considered to be caused by the oxygen 
deficiency, and randomness is introduced into the V-0 
layers; with that, a complex magnetic behavior may be 
observed. S^CrFeAsOa, which has a similar structure to 
Sr 2 VFeAs03, has been reported to have similar magnetic 
features, that is, its Cr ions are in the Mott-insulating 
state, and have localized spins (S = 3/2), which or- 
der at 36 K. 17 ) A similar situation is also observed in 
Sr 2 VFeAs03. Recently, the results of angle-resolved pho- 
toemission spectroscopy (ARPES) have been reported 
for the present system, where FSs are found to be simi- 
lar to those of other Fe-pnictide superconductors. 18 ^ The 
present data obtained by the transport and NMR stud- 
ies are consistent with the ARPES results. The recent 
band calculation carried out by taking account of the 
onsite Coulomb energy of the V atom also supports all 
the observations described here. 19 ) 

In summary, we have measured the magnetic, trans- 
port, and thermal properties and also carried out 75 As- 
NMR studies of Sr 2 VFeAs0 3 . The results of the studies 
show that V ions have localized moments and exhibit 
magnetic order at ^150 K, although randomness effects 
introduced by oxygen deficiency seem to exist. The FSs 
of this system can be considered to have common char- 
acteristics to those of other Fe pnictides. 
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